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AbstratFor the hoie of the Beryllium (Be) target (Z = 4) the value of thepionium breakup probability is low. This value is redued even further ifa multilayer target design is onsidered with vauum gaps in the regionswhere most atoms in S (l = 0) bound states are annihilated. Suh a targeton�guration yields essentially the same relative momentum spetrum asthe Ni (98 �m) target, while being free from atomi pairs. A Tantalumsatterer plaed after the Beryllium layers and the proedure of mixingtwo di�erent data samples would lead to reation of the desired onditions.1 IntrodutionThe experimental method for lifetime measurement of DIRAC needs a desrip-tion of time orrelated bakground pairs. The desription of these pairs is madeby using an aidental (non-time orrelated) pairs sample. Although the pro-edure to obtain the time Coulomb orrelated relative momenta spetrum fromaidental pairs is theoretially well established [1℄, Coulomb orrelation hasnever been measured with the neessary auray. Moreover, the Coulomb Cor-relation funtion to be applied to the aidentals needs a detailed knowledge ofthe resolution funtions. Sine the Coulomb orrelation does not depend fromthe target, but only from phase spae, we have studied the possibility of a tar-get free from the ontamination of atomi breakup pairs. Suh a measurementwould serve as a ross-hek of the standard proedure that reonstruts theCoulomb bakground from aidentals.Another unertainty when parameterizing real pairs with aidentals is dueto the di�erent response of the SFD for real and aidental hits. The proe-dure therefore introdues systemati errors whih an be only overome by adediated measurement free from pairs from atomi breakups.The design of a target system free from ontribution of the atomi pairsshould take into aount several points:1



Total Breakup Probability Breakup Probability �(Be)/thikness (without gaps) (with gaps) �(Ni)375 �m 11:3% 6:3% 0.98250 �m 9:8% 5:8% 1.48150 �m 7:5% 5:0% 2.46Table 1: Breakup probability for three di�erent Beryllium target thiknesses.The third olumn shows the breakup probability for the target with 25 �mlayers separated by 500�m gaps. The ratio between the nulear eÆieny ofthe Beryllium targets ompared to the 98�m nikel target is shown in the fortholumn. The lifetime of pionium was assumed to be � = 2:9 � 10�15s.Single Target Number of Layers Total Target BreakupThikness in the Target Thikness Probability (Pbr)25 �m 10 250 �m 5:8%25 �m 14 350 �m 6:2%10 �m 25 250 �m 3:9%10 �m 35 350 �m 4:4%5 �m 25 250 �m 3:1%5 �m 35 350 �m 3:2%Table 2: Breakup probability for di�erent Beryllium target setups. Di�erentsingle layer and total target thiknesses have been studied. The layers areseparated by 500�m gaps. The lifetime of pionium was assumed to be � =2:9 � 10�15s.� The breakup probability dereases with the target thikness.� The breakup probability is smaller for target materials with low atominumber.� The total yield of partiles should be ompatible with the one obtainedwith the standard data taking onditions in order to avoid undesired biasesin the sample and/or detetor response.� Only a limited range of target thiknesses are available from the manufa-turers.Taking this into aount we have searhed an optimal design for the targetsetup.2 Target design and breakup probabilityWe have studied several di�erent on�gurations designed to derease the breakupprobability in the target. The main fator in this proess is the hoie of thetarget material. The interation and the ionization ross setions inrease with2



Z, i. e., the lower Z the smaller the breakup probability. The best hoie of theavailable target materials is Beryllium (Z = 4). For a Beryllium target of in�-nite thikness the pionium breakup probability is around 15% [2, 3℄. It dereaseswith thikness and is zero for an in�nitely thin target. However, the breakupprobability inreases very rapidly with the target thikness and hene, even forvery thin targets we might have non-negligible breakup probability values.On the other hand, in order for the nulear eÆieny of the Beryllium targetto be ompatible with the nulear eÆieny of the 98�m Nikel target, a totalthikness of 370�m is required.One way to ahieve a low breakup probability along with the desired nuleareÆieny is by means of a multi-target array omposed of thin layers [1℄. Thisway one is able to �nd a balane between a small breakup probability (thinindividual layers) and a large bakground pion pair yield (large overall thik-ness). Moreover, some amount of the reated atoms would annihilate in the gapbetween two onseutive targets. However, the derease of the breakup proba-bility with the thikness of an individual layer is smaller than in the ase of asingle layer setup sine a non-negligible amount of atoms in long-lived boundstates (non S states) rosses the gaps and an break up in the next layer of thearray 1. We an observe this e�et in the plot below (Figure 1).We have performed breakup probability alulations for di�erent single layerthiknesses of the multi-target 2. In Table 2 we an see the results for severalsingle layer and overall target thiknesses. After the disussions in the analysismeetings a 10�25�m design was onsidered to be the best suited for the Beryl-lium multi-target setup sine the value of the breakup probability was found tobe small enough and the disrepany for the nulear eÆieny with the Nikeltarget was not large. Also, the thiker individual layers would simplify themanufaturing proess and inrease the rigidity of the �nal multilayer target.Finally, the ost of manufaturing suh a target on�guration would be redued.In Table 1 we show the breakup probability for three di�erent overall thik-ness of the target, both for the ase with a �ve hundred miron gap between25 �m layers and for a single layer target. The atoms in the target arraywere propagated making use of the interation ross-setions alulated in [4℄.These ross-setions are based on the Hartree-Fok desription for the Berylliumatomi form fator whih leads to slightly larger values for the breakup prob-ability than the Moliere parameterization obtained in [2℄. In [3℄ a omparisonbetween the results obtained with these two sets of ross setions was made.1This means that the breakup probability of a target array with layers of equal thiknesswill always be larger than what would be the breakup probability of a target made by of asingle layer of this array.2To perform these breakup probability alulations we have used and modi�ed the MonteCarlo desribed in [5℄.
3
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Figure 1: Breakup (left) and Annihilation (right) position for the atoms in a10� 25�m Beryllium multi-target setup.3 Additional satterer to reprodue �x distri-butionIt is an established fat that the multiple sattering in a target has a largeontribution to the low value region of the relative momentum distribution ofpion pairs. However, sine the radiation length in Beryllium is muh smallerthan in Nikel 3 the multiple sattering for the proposed Beryllium target wouldbe muh smaller and hene the relative momentum distribution for both atomiand Coulomb pairs would be di�erent from the one in a Nikel target.But this is preisely what we would like to avoid sine we want the Beryl-lium target to provide us with a spetrum, from whih Coulomb bakgrounddistribution free from atomi pair ontribution for the Nikel target ould be ob-tained. Thus it was proposed to add an additional layer of Tantalum satterera few entimeters away from the primary target. In priniple, this satterershould be plaed as lose to the primary target as possible to avoid bias in thereonstruted momenta. However, there are two possible diÆulties with thison�guration. The �rst one is the fat that the interation of the proton beamhalo with the satterer ould ontaminate our sample with a undesirably largebakground. The seond one is the lak of available spae in the vauum ham-ber after the target setup. After studying the problem the minimum distanefrom the target to the satterer was set to 35 m [10℄.We have also performed a simulation 4 in order to optimize the thikness of3To produe the same multiple sattering e�et as the 98�m Nikel target a 2000�m thikBeryllium target is required.4The atomi pairs generation has used the Monte Carlo for breakup probability alulationtogether with the 1S and 2S bound states spetra [7℄. When an atom was broken from adi�erent state the 1S state spetrum was used saling the resulting Q by 1=2n [8℄, where n isthe prinipal quantum number of the bound state.4
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Under these onditions we have generated atomi and Coulomb pairs 6 7"with" and without a 17:87�m satterer. Subsequently we have mixed these twosamples aording to the resultant relative proportions (83% for the one "with"satterer and 17% for the one "without" it) and made the ut jQxj < 4MeV=and jQyj < 4MeV=, whih is used in the experimental data analysis. Theomparison of either of the two samples, "with" and "without" satterer, andthe ombined sample with the original Nikel 98�m sample at the generationlevel is shown in Figure 3 for �x distributions at the SiFi detetor level and inFigures 4 and 5 for the Q relative momentum and its QL and QT omponents.However, we should not expet a omplete agreement of the Q distributionsbefore reonstrution, espeially those of the QT , sine the optimization wasmade for �x, the distane between the two partiles, and the events "with" thesatterer inrease their relative momentum at 35 m from the target and heneneed a larger QT to reprodue the same �x distane at the SiFi. This explainsthe disrepanies between the two sets of distributions of Figure 5.4 Reonstruted eventsAs a test of the study we have proessed three di�erent samples of events (1:2�106 Nikel events, 1:2 � 106 Beryllium events "with" satterer and 0:32 � 106Beryllium events "without" satterer) with Dira-Geant [11℄ Monte Carlo andthen reonstruted them with the ariane304 18 [12, 13℄ 8. The goal of thisstudy was to hek whether the ombined distributions of Beryllium reproduethe Nikel ones. The results are shown in Figures 6 and 7, where we an see areasonable agreement for the ombination of the two di�erent samples.In Figure 8 we plot the results taking into aount the the ombination ofatomi and Coulomb pairs. If we add the atomi distributions to the Coulombones and subtrat the resulting spetra for Nikel and Beryllium we shouldobtain atomi Nikel distribution. We an see in the third plot of Figure 8that the disagreement is not very large for the Q < 2MeV= region but is notompletely satisfatory for the higher Q's.To improve this result we have followed a slightly di�erent strategy. Forthe Nikel sample we made a �t of the Coulomb spetrum as a funtion of theBeryllium distribution "with" and "without" satterer in the region free fromatomi pairs (4MeV= < Q < 15MeV=).6We have not onsidered "non-Coulomb" pairs in this study. However the main ontribu-tion in the low Q region should be given by "Coulomb" pairs.7The relative momenta of Coulomb pairs were generated aording to the Sakharov for-mula [9℄: d�sdQd� / 2�M��=Q1� e�2�M��=QQ2 sin �;where � is the angle between the diretion of the enter of mass momentum and the relativemomentum. We have imposed a jQxj < 10MeV=, jQyj < 10MeV= and Q < 30MeV= utto the generated events.8The uts jQxj < 4MeV= and jQyj < 4MeV= were performed after reonstrution.6



dNCNi(Q)dQ = A� dNCBe(Q)dQ +B � dNCBe+Ta(Q)dQwhere A and B are free parameters to be obtained from the �t. The result of the�t gives A = 0:234 and B = 0:735. If we ombine the Beryllium spetra "with"and "without" satterer taking into aount these two oeÆients, we obtainthe result of Figure 9. We an observe from this �gure that the agreement aftersubtration is muh loser and general within statistial error.Notie that in both ases, either when we used the original perentagesalulated to optimize the �x distributions or with the �t of the reonstrutedspetra of Coulomb pairs, the oeÆient of the sample "without" satterer issigni�antly smaller than the "with" satterer one. This means that the use ofthe satterer is mandatory if we want to preisely reprodue the Ni results withthe Be multi-target setup.5 ConlusionsWe have shown that it is possible to reprodue the relative momentum spe-trum of Coulomb pairs for standard Nikel target with a 10� 25�m Berylliummulti-target array ombined with a 17.87 �m Tantalum satterer plaed 35 maway from the primary target. The Beryllium target design has been proposedaording to low breakup pairs ontamination riteria but manufaturing andeonomial onstraints have also been onsidered. The satterer thikness hasbeen optimized to reprodue the �x distribution in the Sintillating Fiber de-tetor and found to be 17:87�m for the proposed Beryllium target. The study ofthe relative momentum distributions after reonstrution has been made and ithas been shown that the atomi distribution an be measured with the parame-terization of the bakground with two Beryllium samples "with" and "without"satterer by using an appropriate �t.AknowledgementsWe want to thank D. Goldin for his areful revision of the text.Referenes[1℄ B. Adeva et al., Proposal to the SPSLC: Lifetime measurement of �+��atoms to test low energy QCD preditions, CERN/SPSLC/P 284 (1994).[2℄ L.G. Afanasyev and A.V. Tarasov, Yad. Fiz., 59 (1996) 2212; Phys. At.Nu., 59 (1996) 2130. 7
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